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Proton NMR studies of smectic phases of three N-(4-n-alkyloxybenzylidene)-4'-n-alkylanilines (n0 . m's) St 2014 Proton NMR studies of the liquid crystals 50.6, 70.5, and 70.6 are presented. In all mesophases there is a clear proportionality between dipolar doublet splittings of the proton NMR spectra and the corresponding second moments indicating that the motions giving rise to the observed lineshapes remain fast on the NMR timescale even in the highly-ordered smectic-G phases and that no essential conformational changes occur. From the angular dependences of the lineshapes and second moments it could be concluded that the preferred direction of the sample, once aligned by the strong magnetic field in smectic-A, is preserved through all smectic phases though there are several changes from untilted to tilted phases. From linewidth measurements at the magic-angle orientation, activation energies for a thermally activated motional process could be derived in the low-temperature smectic phases (B, F, G) which differ for B-and F/G-phases, respectively. Simulations [1] , X-ray [2, 3] , and dielectric relaxation [4] .
Our aim was to examine by comparison of the experimental and calculated proton NMR spectra, if changes in intramolecular mobility (especially of the aliphatic chains) and conformation occur on passing from the nematic or smectic-A phase, respectively, to smectic-G and if it is possible to detect alterations in the molecular arrangement and the overall molecular motions by means of proton NMR.
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In the smectic-G phases Av reaches remarkably high values of about 25 kHz (50.6, 70.6) and even 28 kHz for 70.5. Since S cannot be greater than 1 this can only mean that either the proton distance is distinctly less than 2.45 A (cf. also [9] ) or that other interactions of near-neighboured protons superimpose on the ortho-proton doublet. This could be, for example, the interaction between the bridge methine proton and the inner ortho-proton of the aniline ring (Fig. 7 ). This will be discussed in section 5.
Schulz has derived from 13C NMR spectra of 50.6 order parameters S of about 0.9 in the smectic-G phase [1] .
Generally from figure 2 only the transition C-B can be determined reasonably well indicating a distinct jump of the order parameter S at this phase transition.
3. Angular dependences of the second moments. To obtain the angular dependences of the proton NMR spectra the samples were aligned by a magnetic field of 1.4 T by cooling them down from the isotropic phase to the temperature at which the angular dependence should be recorded in the manner described in the preceding section. Then the samples were rotated about an axis perpendicular to the direction of the magnetic field by angles 0 between 00 and 180°.
For the smectic-B phase of 50.6 some spectra at different rotation angles are shown in figure 3 .
The dependences of the second moments are given in figures 4 and 5, where the reduced moments Fig. 3 . -Dependence of the proton NMR spectra of 50.6 on the rotation angle 0 between the layer normals and the magnetic field direction at T = 312.9 K (smectic-B phase). * denotes a factor 0.5 in the vertical display scale, * * a factor 2 compared to the unmarked spectra. [11, 12] calculated as specified in [10] The smectic-C phases of 50.6 is so narrow that no angular dependences could be taken. For 70.6, however, an angular dependence at the end of the smectic-C phase has been recorded, yielding by comparison with theoretical angular dependences (detailed description in [10] ) a tilt angle of about 12° (assuming the validity of the Luz-Meiboom/Wise-Smith-Doane model [11, 12] ).
It is remarkable that all the angular dependences in the other phases -whether they are tilted phases or not -exhibit a clear minimum of the residual second moment at the « magic angle » (0 = 55°), i.e. the angular dependences can be described approximately by a (p2 (COS 0))2 -function (as is well-known for the smectic-A phase) with the value of M2(55°) increasing with decreasing temperature from smectic-B to smectic-G (cf. also the following section).
This means that the alignment of the molecular directors (originally along the direction of the polarizing magnetic field) is In contrast to this, for the propyl member of the TBBA homologous series we observed a distinct change in the proton NMR lineshape at the C-G transition at 0 = 0 [13] . This is due to the fact that the molecular directors do not remain aligned to the original polarizing direction because there is a jump of the tilt angle at this transition of about 140 [14] not accomponied by a corresponding change in the inclination of the layers. Obviously the viscosity in smectic-G is too high in this substance to admit alterations in the layer distribution [13] . 4 1) The sample was aligned as described above in smectic-A phase and then rotated in MAO with the sample remaining in this position throughout the whole measuring cycle, i.e. during the whole temperature dependence.
2) The sample was again aligned in smectic-A, then brought to the measuring temperature (0 = 0) and only then rotated to MAO with the sample rotating back to 0 = 0 after completing the accumulation of FID's. Hereafter the next temperature was chosen and the procedure repeated.
The different procedures are marked in figure 6 by crosses (process (1») and circles (process (2)). Obviously there are no significant differences leading us to the conclusion that there are no remarkable disturbances in the alignment of the samples for process (1) as reported in [18] .
As shown in figure 6 figure 6 several phase transitions can be clearly determined, which cannot be seen from the temperature dependence of the spectra at 0 = 0 (cf. The kind of motion responsible for the line broadening could be translational diffusion. From NMR studies of the translational diffusion in the smectic phases of TBBA [16] it is known that the translational selfdiffusion coefficient is diminished drastically at the C-G transition (from 9 x 10-11 in the C phase to 1.4 x 10-13 m2 s-1 in the G phase) with EA = 100 kJ.
mol -1 for smectic-G.
Besides, a slowing down of the fluctuations of the long molecular axes about their mean directions could also be considered. Dielectric measurements of Kresse et al. [4] suggest also a reorientational motion of the long molecular axes arround the short axes which are strongly hindered (EA z-, 94 kJ. mol -' in smectic-G, EA z-, 82 kJ . mol -1 in smectic-B/F), however the activation energies measured by this method are distinctly greater than those determined here by NMR. Likewise, the correlation times tc for this process from the dielectric relaxation of up to &#x3E; 10-' s in the smectic-G phase (though Tc determined from dielectric measurements are systematically greater than NMR correlation times by a factor 3 from methodical reasons [18] ) are already nearly « static » for NMR and would cause a superposition of spectra coming from a « static » distribution of molecular directors oriented at different angles with respect to the magnetic field. This should result in a remarkable smearing-out of the proton NMR spectra in the smectic-G phase compared to the, for example, A phase, which, however, was not observed (cf. Fig. 1 ). 5 . Simulation of the proton NMR lineshapes for 50. 6 . The details of the computation of the theoretical proton NMR spectra have already been described elsewhere [5, 6, 9, 20] . As discussed in [6, 9] [21] and TBBA [22] as well as from several X-ray investigations (for example, for benzylidene aniline, p-methylbenzylidene-nitroaniline, benzylidene aniline-p-carboxylic acid by Bfrgi and Dunitz [23] , for n-(p-methylbenzylidene)-p-methylaniline by Bar and Bernstein [24] , and other related benzylidene aniline derivates [25, 26] it becomes clear that the benzylidene ring and the azomethin group planes are nearly co-planar (dihedral angle 0...14°) whereas the aniline ring is twisted with respect to the azomethine group plane by an angle of about 300 to 550.
Therefore we chose a conformation with aldehyde ring and azomethin group planes being co-planar and aniline ring and azomethin group planes forming an angle of 450 (see Fig. 7 ), the planes of alkoxy and alkyl chains, resp., remaining parallel at first. Though the agreement with experimental spectra now could be improved, the side wings are still too broad and the central peak is too high. The best fit is obtained if additionally the chain planes are twisted by 900 to the aldehyde and aniline ring planes as it has been suggested from quantum chemical studies of the TBBA molecule [22] and X-ray investigations of TBBA [27] . For the set of Sj giving the best fit simulated proton NMR lineshapes for the three conformations described above can be compared in figure 8 . Clearly the agreement with experimental spectra (cf. Fig. 1 ) is best for the last conformation (Fig. 8c) . In figure 9 the influence of the dihedral angle between azomethin group and aniline ring planes is 180°-flips about their para-axes and CH3-group rotations (threefold jumps) have been assumed. It is remarkable that a good fit of spectra could be attained only when the Si of the azomethin proton was clearly less than 1, otherwise the embayments between central peak and the doublet peaks cannot be reproduced. The same phenomenon was observed by Schmiedel et al. for the computation of the proton NMR spectra of TBBA [18] as well as for the propyl member of the TBBA series (TBPrA) [13] . This means that the interaction between azomethin proton and protons of the neighbouring rings (esp. aniline ring) is still reduced further than can be achieved by the simple 180° jumping motion of the rings about their paraaxes. This additional decoupling can be explained by assuming a greater twist angle than that used in our computations (45°). Since the most important interactions of the methin proton are those with the inner protons of the aniline ring the methin Si hence will reflect mainly the reduction of the dipolar interaction between methin and inner aniline ring protons to a good approximation. In our case this interaction would be diminished by a factor of 0.3 if the dihedral angle is increased to about 570, i.e. using a methin Si of 0.3 which gave the best fit in the simulations with the above-described conformation (dihedral angle between azomethin group and aniline ring planes) would mean that the actual dihedral angle should amount to about 57°, as simple calculations show [30] . Moreover, this reduction could also be (at least partly) due to motional decoupling (cf. also [13] ). The Otherwise, the small decrease in the height ratio which is accompanied by a slight « smearing out)) of the line structure could also, at least at part, be attributed to the increasing influence of intermolecular dipolar interactions which give rise to the broader lines at MAO (cf. Fig. 6 ). In the simulated spectra this can be taken into account by a broader width of the Lorentzian line by which the stick spectrum of 6-lines (that is originally produced in the computation procedure) is convoluted. Figure 11 demonstrates the effect of increasing convolution linewidth 6v on the calculated spectrum. Again there is a slight decrease in the height ratio with growing b v, altogether, however, one has to state that the spectra of all phases can be fitted quite satisfactory by only little variations in b v. In the spectra of figures 8 to 10 a value of 6v = 0.93 kHz generally has been applied.
For the smectic-G phase a bv of about 1.55 kHz appeared to be favourable, even this is still clearly less than the linewidth at MAO (cf. Fig. 6 ).
6. Discussion and summary.
As mentioned in section 2 we find for all three substan- [19] and TBPrA [13] .
Though our results agree qualitatively with the findings of Hsi, Zimmermann, and Luz [31] [6] ).
